Background The impact of specific baseline comorbid conditions on the relative risk of postoperative mortality and periprosthetic joint infection (PJI) in elderly patients undergoing TKA has not been well defined. Questions/purposes We calculated the relative risk of postoperative mortality and PJI associated with 29 comorbid conditions in Medicare patients undergoing TKA.
Introduction
Despite the success of TKA in terms of alleviating pain and improving function in patients with disabling arthritis of the knee, devastating complications such as periprosthetic joint infection (PJI) and death can and do occur [8] . Multiple clinical risk stratification classification systems, including the Charlson CoMorbidity Index [4] , the American Society of Anesthesiologists physical status classification (ASA Class) [1] , and the All Patient Revised-Diagnosis Related Group Severity of Illness and Risk of Mortality [10] , are reliable predictors of morbidity and mortality in certain surgical patients. However, none of these classification systems has been validated in patients undergoing TKA. Furthermore, most surgeons and patients are not familiar with them, and therefore, they are not helpful for preoperative counseling regarding the risks of death and PJI after TKA.
Kurtz et al. [8] previously used the Medicare administrative claims data set to study the risk of PJI after TKA in Medicare patients. This study identified the presence of preexisting patient comorbidities, as defined by the Charlson CoMorbidity index, as a risk factor for PJI along with other factors such as longer procedure duration, lower socioeconomic status, and male gender. However, although the Charlson CoMorbidity Index provides a useful surrogate for the overall health status of surgical patients based on a composite score from 19 conditions, it is not helpful in elucidating the impact of specific diseases on patient outcomes, because patients with different combinations of preexisting conditions may have similar Charlson scores. As a result, the impact of specific baseline comorbid conditions on the relative risk of postoperative mortality and PJI, particularly in the elderly TKA population, has not been well defined. We therefore evaluated the impact of specific baseline comorbid conditions on the relative risk of postoperative mortality and PJI in Medicare patients undergoing TKA.
Patients and Methods
We used the 5% national sample of the Medicare database to evaluate the association between baseline medical comorbidities and the relative risk of 90-day postoperative mortality and PJI in 83,011 patients who underwent primary TKA between 1998 and 2007 with at least 1 year of enrollment before the surgery. International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) code 81.54 and Current Procedural Terminology, Fourth Edition, code 27447 were used to identify patients undergoing unilateral primary TKA. This study excluded patients who were younger than 65 years old or health maintenance organization enrollees. We excluded health maintenance organization enrollees because their expenditures are not submitted to the Centers for Medicare & Medicaid Services for processing and, therefore, claims from these beneficiaries were not available or may be incomplete.
Using each patient's unique encrypted Medicare beneficiary identifier, the patients were followed longitudinally throughout the 10-year study period. We tracked the patient's enrollment status and 90-day postoperative mortality using a linked ''denominator'' file that accompanied the analytic data sets. The annual Medicare denominator file contains information regarding the date of death, if applicable, of the enrollees and was used to determine the prevalence of 90-day postoperative mortality. Any PJI that was diagnosed during the time period under study (ie, up to the latest followup, December 31, 2007) was identified with ICD-9-CM diagnosis code 996.66 (infection resulting from an internal joint prosthesis) from services provided in any setting, including inpatient, outpatient, office, skilled nursing facility, hospice care, and home health agencies. This ICD-9-CM code is reportedly associated with a high degree of specificity and concordance with the corresponding clinical diagnosis of PJI in the medical record [3] . Preoperative comorbid conditions were compiled from diagnoses in either Part A (inpatient) or Part B (outpatient) claims submitted during the 12-month period before the operation. We included only patients who were enrolled during the entire 12-month period in the study so that a full year of baseline comorbidities could be observed. To minimize misclassification of postoperative complications (eg, postoperative anemia) as preexisting comorbid conditions, we only included those comorbid conditions that were identified in the administrative claims records at least 30 days before surgery.
We used multivariate Cox regression to evaluate the association between the 29 comorbid conditions ( Table 1) and 90-day postoperative mortality and PJI. The analysis controlled for age, gender, race, Census region, receipt of public assistance (identified by Medicare buy status for patients whose Medicare premiums and deductibles were subsidized by the state as a result of their financial status), and all other baseline comorbidities. These comorbid conditions were based on the specific diseases that are used to determine the composite Charlson CoMorbidity Index [4] as well as other diseases that are used as comorbidity measures for administrative databases, which were associated with increases in length of hospital stay, hospital charges, complications, and mortality [5] . In addition, preexisting diseases that have been identified in clinical studies as risk factors for PJI were also included [17] . We calculated both the crude relative risk and adjusted hazard ratio associated with each comorbid condition. The p value associated with the test of significance (Wald's chi square statistic) for the hazard ratio was used to rank the strength of the association of each comorbid condition with 90-day postoperative mortality or PJI while controlling for the other comorbid conditions and other patient factors, as noted previously. The corresponding p values associated with the test statistics for the hazard ratio indicated the relative degree of association or significance of the presence of that specific condition to the outcomes of interest (eg, postoperative mortality or PJI).
Results
The results of our analyses demonstrated 10 conditions that are independently associated with an increase in the risk of 90-day postoperative mortality ( Table 2 ). In decreasing order of significance (p \ 0.005 for all comparisons), the risk factors for postoperative mortality after TKA in Medicare patients were congestive heart failure (hazard ratio [HR], 2.15; 95% confidence interval [CI], 1.71-2.69), metastatic cancer (HR, 4.40; CI, 2.67-7.26), renal disease (HR, 2.23; CI, 1.68-2.96), peripheral vascular disease (HR, 1.49; CI, 1.20-1.87), cerebrovascular disease (HR, 1.49; CI, 1.19-1.87), lymphoma (HR, 2.20; CI, 1.22-4.0), cardiac arrhythmia (HR, 1.26; CI, 1.04-1.54), dementia (HR, 1.84; CI, 1.10-3.07), pulmonary circulation disorders (HR, 1.72; CI, 1.07-2.76), and chronic liver disease (HR, 1.50; CI, 1.01-2.21). Hypercholesterolemia was associated with a decreased risk of postoperative mortality (HR, 0.64; CI, 0.50-0.80).
Our analyses identified 13 conditions that are independently associated with an increase in the risk of PJI (Table 3 ). In decreasing order of significance, the independent risk factors for PJI were congestive heart failure (HR, 1.28; 95% CI, 1.13-1.46), chronic pulmonary disease (HR, 1.22; CI, 1.10-1.36), preoperative anemia (HR, 1.26; CI, 1.09-1.45), diabetes (HR, 1.19; CI, 1.06-1.34), depression (HR, 1.28; CI, 1.08-1.51), renal disease (HR, 1.38; CI, 1.11-1.71), pulmonary circulation disorders (HR, 1.42; CI, 1.06-1.91), obesity (HR, 1.22; CI, 1.03-1.44), rheumatologic disease (HR, 1.18; CI, 1.02-1.37), psychoses (HR, 1.26; CI, 1.02-1.57), metastatic tumor (HR, 1.59; CI, 1.03-2.47), peripheral vascular disease (HR, 1.13; CI, 1.01-1.27), and valvular disease (HR, 1.15; CI, 1.01-1.31).
Discussion
Death and PJI are rare but devastating complications of TKA. Identifying the impact of specific baseline comorbid conditions on the relative risk of postoperative mortality and PJI, especially in elderly patients, is important for informing discussions between patients and their surgeons when considering elective TKA. Our results indicate that certain baseline comorbid conditions, including congestive heart failure, are associated with a substantially increased risk of postoperative mortality and PJI in elderly patients undergoing TKA.
Our study is limited by a number of factors. First, we relied on administrative claims data, which may not always correlate precisely with the clinical record [12] , to identify baseline patient comorbidities. However, the prevalence of each comorbid condition (Table 1) is similar to what has been reported in other population-based studies of patients undergoing TKA [7, 18] . Further study is necessary to better understand the correlation between administratively coded and clinically valid comorbidities. Because our findings are based on the elderly Medicare population, it is unclear if our findings are generalizable to patients younger than 65 years of age. In addition, potentially relevant characteristics such as the patient's body mass index to indicate the degree of obesity is also not available in the earlier years of the Medicare data set. Because we relied on the diagnoses from the claims records, rather than using clinical criteria such as positive culture or abnormal serology, to identify cases involving PJI, the number of patients with PJI may have been overestimated. However, our previous work demonstrated most deep infections recorded in the Medicare data set were diagnosed while the patient was hospitalized, and most were diagnosed by an orthopaedic surgeon or infectious disease specialists [15] , which lend support that these infections were adequately identified from the database. Finally, although we have identified specific comorbidities associated with an increased risk of postoperative mortality and PJI, it is unclear whether certain combinations of risk factors (eg, diabetes and congestive heart failure) result in higher than anticipated risk of mortality and PJI. Further study is necessary to better understand the synergistic effect of However, as noted, the Charlson CoMorbidity index, which is a composite score reflecting the number and severity of comorbid conditions, provides limited clinical applicability. We focused on identifying which specific patient comorbidities are associated with an increased risk of postoperative mortality and PJI to provide a basis for improved communication and clinical decision-making between surgeons and their patients. Parvizi et al. [16] reviewed the records of 22,540 patients who had undergone elective TKA at a single institution between 1969 and 1997 to identify patients who died within 30 days after the procedure. Mortality rates were determined according to age, gender, diagnosis, implant type, and fixation mode. The 30-day mortality rate was higher for patients with preexisting cardiovascular disease and/or pulmonary disease and simultaneous bilateral TKA. Gill et al. [6] variables were associated with surgical site infections. These included admission from a healthcare facility, chronic obstructive pulmonary disease, a Charlson score of 3 or greater, the inability to bathe independently, and the inability to dress independently. Finally, in a retrospective case-control study, Lai et al. [9] examined the individual and cumulative effects of various medical comorbidities on the risk of developing PJI after hip or knee arthroplasty in 51 patients with 52 joint infections. Both diabetes mellitus and total number of medical conditions were associated with higher risk of infection. Although these studies all provide valuable insights into the risk factors for mortality and PJI after TKA, they are limited by inadequate sample sizes (ranging from 51 to 9245 patients) to detect baseline risk factors for such rare outcomes as death and PJI and inclusion of patients from a single or small number of institutions. Our study builds on these previous findings by identifying the impact of specific baseline comorbid conditions on the relative risk of postoperative mortality and PJI in a large, nationally representative cohort of Medicare patients undergoing TKA. Additionally, our finding that hypercholesterolemia may be associated with a decreased risk of postoperative mortality is interesting in light of recent evidence from the Danish Hip Arthroplasty Registry that suggests the use of cholesterol-lowering agents (eg, statins) may be associated with a decreased risk of revision surgery after primary THA [18] . Although previous authors have identified diabetes and rheumatologic disease as predictors of PJI [9] , we found that congestive heart failure, chronic pulmonary disease, preoperative anemia, and depression are also associated with an increased risk of PJI. Depression may also be associated with poor nutritional status, and one study suggests patients undergoing major joint arthroplasty who have preoperative anemia are more likely to receive allogeneic blood transfusions [2] , which have been associated with an increased risk of postsurgical infection [14] .
In summary, we identified the impact of specific baseline comorbid conditions on the relative risk of 90-day postoperative mortality and PJI after TKA in Medicare patients. Recent literature suggests medical management of diabetes may contribute to lowering the risk of complications after total joint arthroplasty procedures [13] , and therefore we recommend optimizing the medical management of the conditions identified in this study before considering elective TKA in this elderly patient population. This information is important when counseling elderly patients regarding the risks associated with TKA. Furthermore, these variables should be included in risk adjustment models for public reporting of TKA outcomes.
